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Update on the LLRF system for the European XFEL

European

XFEL ]| OVERVIEW
XFEL and LLRF

= XFEL accelerator overview
» LLRF system overview in 1 (big) slide

A few highlights

= Hardware
= Operation

Schedule and status
= XFEL schedule

» LLRF production

= Qutlook
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European

XFELJINTRODUCTION

XFEL accelerator overview

LLRF system overview
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Update on the LLRF system for the European XFEL

European

XFEL] The European X-ray Free-Electron Laser (XFEL)
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808 superconducting 1.3 GHz TESLA RF cavities
101 cryomodules (8 cavities)

25 RF stations (4 cryomodules)

1 LLRF system / RF station (i.e. per klystron)
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Update on the LLRF system for the European XFEL

XFELJILLRF architecture for an RF station
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RF station: semi-distributed LLRF system
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Update on the LLRF system for the European XFEL

European

XFEL] The MTCA.4 LLRF system
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European

XFEL] The MTCA.4 LLRF system

_ BACK Zone 3 FRONT
AMC: Advanced Mezzanine Card ==
RTM: Rear Transition Module RTM =1 AMC
12 slots, hot swap I
Redundant power supply Analogue / \ Digital
AMC
®
Ly uTCA PREF PEWD PROBE | backplane backplane _
A LO CLK Lo Lck o Locxk Lo LK A |
8 v {8
S  uwm DWC 65—y B "
< . . ™ )
(%g)(' "@ ')® Vector Modulator (uVM) LLRF Controller (uTC)
______ 1Q — — r.Fe IF 4 ' = — o
______ [ — — \) - i '
K] A CLK] A CLK]
e
|_
% TC FF || vs uDAQ | 1Q | + 1 [1Q] + 1Q
T u
o FB || sP ROT FILT]
FPGA FPGA FPGA FPGA ' - o
______ - - " Down Converter (uDWC) Digitizer (UADC)
LLRF 2013 — Oct. 1-4, Lake Tahoe, USA @ Z weLmnoLrz

| DESY

Julien Branlard, MSK, DESY o/ | ASSOCIATION



Update on the LLRF system for the European XFEL

European

XFEL
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1 = Update on the LLRF system for the European XFEL

European

XFEL

Overall LLRF System Description

KLY CM1  CM1 CM1
DRIVE PREF PFWD  PRB
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XFEL

REFM
RF Reference Module

MTCA.4 crate

uRFB
RF back
-plane

1 = Update on the LLRF system for the European XFEL

Overall LLRF System Description
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XFEL

DCM
Drift Compensation
Module

1 = Update on the LLRF system for the European XFEL

KLY

Overall LLRF System Description
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1 = Update on the LLRF system for the European XFEL

European

XFEL

Overall LLRF System Description
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1 = Update on the LLRF system for the European XFEL

European _ _
XFEL ] Overall LLRF System Description
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European

XFEL ] Overall LLRF System Description
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European

XFEL ] Overall LLRF System Description
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European

XFEL ] Overall LLRF System Description
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European

XFEL ] Overall LLRF System Description
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European _ _
XFEL ] Overall LLRF System Description
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1 Update on the LLRF system for the European XFEL

European

XFEL|HIGHLIGHTS

LLRF System:

A few highlights
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XFEL | XFEL LLRF in a Table

REFM
REFM-Interferometer
REFM-L2RF

PZ16M

LOGM

CPIM

MO

MO-distribution

TMCB

Piezo discharge
Reference line
Interferometer

Injector racks / shielding
Temp. controlled Racks
Patch panels

Outer rack cabling

Inner rack cabling
Klystron test stand
MTCA.4 board tests setups

Chassis & crate system test setups

MTCA.4 9U crate
MTCA.4 2U crate
MTCA.4 uRFB
MTCA.4 uPM

MTCA.4 uMCH
MTCA.4 uCPU
MTCA.4 x2timer
MTCA.4 uADC
MTCA.4 uTC

MTCA.4 uDS800
MTCA.4 uLOG_carrier
MTCA.4 uLOG_RF
MTCA.4 DAMCO02
MTCA.4 RadMon
MTCA.4 uDWC (1.3GHz & 3.9GHz)
MTCA.4 uVM (1.3GHz & 3.9GH?z)
MTCA.4 uKLM-RTM
MTCA.4 uHOM-RTM
MTCA.4 ubWC-VM
MTCA.4 eMCH
MTCA.4 ePM

LLRF controller
FSM

BLC

LFF

BBF

DAQ

Diagnostics server
Klystron linearization
Auto Q.

Auto Piezo

Auto tuner
Quench detect
Energy server

Q. scan

Piezo scan

Tuner scan

Cavity modes identification

KLM

Waveguide pressure control

MO diagnostics

Performance statistics

IQ detection

AP calculation

Cavity limiters and pre-limiters
8n/9 IIR filters

MIMO 4% order

Channel input delay

Output rotation and delay

Virtual probes

Online detuning — Q.

Channel calibration
Programmable attenuators

KLM

DCM control and communication
PZ16M control and communication
Cavity simulation

Board & peripherals (Intern. Interface)
LLL

CLK

DAQ

DAC

RCle
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I - Update on the LLRF system for the European XFEL

European

XFEL| HARDWARE HIGHLIGHTS

RF backplane: uRFB
BACK Zone 3 FRONT
RTM D:‘ AMC
Analogue / \ Digital
AMC
backplane backplane
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European

XFEL| HARDWARE HIGHLIGHTS

RF backplane: uRFB

BACK Zone 3 FRONT
RTM [L AMC
Analogue / \ Digital
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European

XFEL| HARDWARE HIGHLIGHTS

RF backplane: uRFB
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European

XFEL| HARDWARE HIGHLIGHTS

RF backplane: uRFB
BACK Zone 3 FRONT
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backplane backplane
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I - Update on the LLRF system for the European XFEL

European

XFEL| HARDWARE HIGHLIGHTS

URFB with uLOG >

L3 = 21 RF stations
=> 42 crates equipped with uRFB + uLOG

INJECTOR  LINAC1 LINAC2
Y Y cryostring 1 cryostring 2 ...... cryostring 8
%0Hh v e v vy yecey v y MR Y
g S - 0000000+A000;8™ 2 000HOO0OHADUC-~-000D000HO00D)

gun A3H A2 A3 A4 A5 A6 A7  A23 A24 A25 undul.
3.9GHz

LINAC3

Courtesy U. Mavri€ , T. Rohlev
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European

XFEL| HARDWARE HIGHLIGHTS

RF gun control

INJECTOR  LINAC1 LINAC2 LINAC3

cryostring 1 cryostring 2 ...... cryostring 8

"/ un?mHuuﬁmHn&m} ----- |uuYnnHunYnan§JuE"

gun A3H A1 A2 A3 A4 A5 A6 A7  A23 A24 A25 undul.

Courtesy M. Hoffmann

LLRF 2013 — Oct. 1-4, Lake Tahoe, USA (28 weLmnoLrz
Julien Branlard, MSK, DESY er/ | ASSOCIATION



Update on the LLRF system for the European XFEL

European

XFEL| HARDWARE HIGHLIGHTS

Direct sampling fast digitizer: uDS800 &
= AMC

= 8x channels

= 800 MSPS

= Possible applications (HOMs, KLM)

KLY KLY
DRIVE RF PFWD CM1 CM1 CM1
f
M2 M1 rhtﬂ)g PREF PREF  PFWD PRB
PIEZO PIEZO CM1&2 CMm2 Ccm2 CM2
HOMs PREF PFWD PRB

RF

MTCA. 4 crate

uRFB
RF back
-plane
c |

l ;‘_“:_!— _“n >
Courtesy S. Bou Habib
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XFEL

Update on the LLRF system for the European XFEL

OPERATION HIGHLIGHTS

-

30

AMTF: Accelerator Module Test Facility

XFEL cryomodule LLRF tests* [ e e =
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e Cavity fundamental mode spectra measurements e Piezo capacitance measurement (before and during
e Higher order modes (HOM) couplers spectra cooldown)
e Calibration of cold RF cables e Microphonics measurement
RF e Warm coupler conditioning LLRF e Piezo scans (cavity detuning transfer function)
TESTS e Coupler conditioning during cool-down TESTS e 87/9 and 77/9 mode identification
e Loaded Q measurements and adjustment e Cavity tuner motor characterization
e Cavity gradient calibration e Cavity loaded Q motor characterization
e Cavity gradient performance measurement e Lorentz force detuning compensation
e Cryomodule dynamic heat-load measurement e Closed-loop nominal gradient operation.
LLRF 2013 - Oct. 1-4, Lake Tahoe, USA  * References: 2 weLmnoLrz
[1] “LLRF TESTING OF SUPERCONDUCTING CRYOMODULES FOR THE EUROPEAN XFEL” J, Branlard et al., IPAC 2012, New Orleans, USA ' D;S;." | ASSOCIATION
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[2] “LLRF TEST OF XFEL CRYOMODULES AT AMTF: FIRST EXPERIMENTAL RESULTS”, J. Branlard et al. SRF 2013, Paris, France




Update on the LLRF system for the European XFEL

European

XFEL | OPERATION HIGHLIGHTS

Beam-based feedback

Improvement of LLRF control performance A fmeieree
= Beam-based feedback (tested at FLASH) £
factor of 3 improvement in arrival time jitter
= Cavity fundamental modes (tested at FLASH) T ———
detection & filtering of 8n/9 and 7n/9 modes :
= AA/A<9x10° , A$ <0.008 deg. achieved
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E 145 8%
1629 1455 Wxk
146 -
5 10 15 20 25 30 35 40 45 50
‘ —— AP intra-pulse: 0.007 deg ”
? o Mk . " | - 75
= H
g ? i,
= & 30}
o 2
8 20
1.95 I i i L I i % 10¢
100 200 300 400 500 600 700 800 0
t s 0 5 10 15 20 25 30 35 40 45 50
Bunch Number
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I - Update on the LLRF system for the European XFEL

European

XFEL | OPERATION HIGHLIGHTS

CW operations with XFEL modules 5

RF FB

amplitude regulation: 6 x 103 % RMS (in-loop)
phase regulation: 0.0098 deg. RMS (in-loop)

PZ FB

microphonics suppression from 70 Hz to < 2 Hz
still problems, more evaluation time required

101.4 6
- STD [=(0.1542 | Piezo controlerror ¢}
S 101.3- —_ 5 <z
= i) I c4
it T = C5
101.2 h e 41 —c
£ o 34 c7
‘3 101.1 i \ c8
5 j g 27
g 101.0 - I EZON N N W
> 100.91 S ol S TN S AN
uTC PZ16M *
s o Ll * ) 100.81 =-11p:
B — <8 RF feetiback OF ) Piezo feedback OFF
i 100.7 T - - v . - - r - - r v r r
00 0 01 02 03 04 05 06 08 0 01 02 03 04 05 06 07
Time [sec] Time [sec]
102.74 6
i _ Rt STD =0.0065 Piezo control error ==,
FF : S 102.73- — 54 —c
(DC bias): s ¥ c3
v : — 2 S 41 c4
1Q detection £ RS 3 e
+ rotation 5 402.714 o 31 A o
(7] ' (8] 2 r’ cs
S 102701 2 |
8 o 11 1
> 102.691 ‘Q_ 0 - b _!‘W:h SR 07 4 WP N1 i 0 WP RONL ||
% ,t-t vr%”.‘,r)m, RSN |
102.68 = _14
g RF feedback ON ; Piezo feedback ON
102.67 T - - v v v - T v - v - v v
ubDWC 0 01 02 03 04 05 06 08 0 01 02 03 04 05 06 07 08
Time [sec] Time [sec]

LLRF 2013 — Oct. 1-4, Lake Tahoe, USA  * References:
Julien Branlard. MSK. DESY “LLRF SYSTEM DESIGN AND PERFORMANCE FOR XFEL CRYOMODULES CONTINUOUS WAVE OPERATION”,

J. Branlard et al. SRF 2013, Paris, France
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1 Update on the LLRF system for the European XFEL

European

XFEL ] SCHEDULE

XFEL and LLRF System:

schedule

LLRF 2013 — Oct. 1-4, Lake Tahoe, USA (29 ueLmmoirz
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Update on the LLRF system for the European XFEL

European

XFEL]| SCHEDULE

RF gun commissioning
LINAC1 (4 cryomodules)

3'd harmonic cavity testing
1"d cryo-string (12 cryomodules)
-

7th Cryo-string Likely to shift

] ~ 6 mo.
8th cryo-string
Cold commissioning
LLRF ready for 15t beam
LLRF ready for nom. beam
LLRF 2013 — Oct. 1-4, Lake Tahoe, USA 8 weLmnolz
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1 Update on the LLRF system for the European XFEL

European
XFEL|LLRF MASS PRODUCTION

PRR: Project Readiness Review

LLRF 2013 — Oct. 1-4, Lake Tahoe, USA (29 ueLmmoirz
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1 Update on the LLRF system for the European XFEL

European

XFELJLLRF MASS PRODUCTION

Call for tender
Licensing companies

Harburg, July 1 0% 2013

Specification document for the
Power Supply Module (PSM)

for the Buropean HFEL low lewel radio frequency extemal chassis modules

Summacy. XFEL LLRF Power Supply Modwle (PEM far 19 LLRF unrits

This document descrbes the specifications forthe Buropean ¥-ray free electron laser (5F EL) low
lewel radie frequency (LLRF) subcomponent: the Power Supply bedule (PSh).

The power supply module (PShf) is @ mck-mounted standard 19 inch crate prowiding OC voltages
toup to four Ack-mounted modules used inthe low level Adio frequency (LLRF) system of the
European H-ray free electron laser (KFEL). The PSh isa fully redundant unit, it can remotely be
diagnosed and maintained. bodularty of the individual voltages and hot-swap ability of the
redundant supplies are two key elements of the PSM design. Mechanical robustness and
electromagnetic shielding are also of paramournt importance for this module.”

HFELAWPIE-PEEpedicalons

nd Functional Specifications

gneral parameters

gred by trigger signal, disabled by interdock

mum excitation of all channels for 10Hz
laF 26 Hz operation

ink, at least 100hb/s

BF output parameters

Bs6pF

maximum amplitude and load), for 10% of
g the output bandwidth iz DC to 3kHz

|ponds to 0.1Hz) SHR<-74dB
any channels

1gx —HEEY (elamping lewal)

gl Enge -2.6 to +2 6%, for cument monitoring
mespond to 14

EOrinput parameters

1z

LLRF 2013 - Oct. 1-4, Lake Tahoe, USA
Julien Branlard, MSK, DESY
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I - Update on the LLRF system for the European XFEL

European

XFEL|LLRF MASS PRODUCTION

Example :

15 minutes / uDWC
x 300

= 2 weeks

Quality control (test stands)

WESE

-

b

LLRF 2013 — Oct. 1-4, Lake Tahoe, USA (382 wewmnourz
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I - Update on the LLRF system for the European XFEL

European

XFEL|LLRF MASS PRODUCTION

+3 LOGM-  psi:
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g 2 ] ol |lo||le|]|e] ||e
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I - Update on the LLRF system for the European XFEL

European
XFEL|LLRF MASS PRODUCTION

RFI: Ready for installation

RF commissioning

Ready for beam

Beam commissioning
-Benre?

Upgrades

LLRF 2013 - Oct. 1-4, Lake Tahoe, USA
Julien Branlard, MSK, DESY
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European

XFEL | XFEL SNEAK PREVIEW
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European
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European

XFEL | XFEL SNEAK PREVIEW




1 Update on the LLRF system for the European XFEL

European
XFE

s

XFEL SNEAK PREVIEW







I - Update on the LLRF system for the European XFEL

European

XFEL|BACK UP SLIDES
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I - Update on the LLRF system for the European XFEL

European

XFELIMTCA.4 core LLRF modules

MTCA.4 LLRF digitizer: SIS8300L | HE=EHR,

= 10 ch. digitizer
= Virtex VI
= Application firmware block diagram:

sliding | [1Q detect.| [drift com-| | 8pi/9 |incl. | [
from uDWC | delay |  |window [input cait) ppensaton | fiter ‘ Thbpltbott S
| iimm.ltix\:

\ systeme

Loy

cavl —<ADC] z1 |- > >
N 'Ll i partial vector

sum (PVS)

L’ —
'Ll_’ I + > touTC
T1Y g i i g gl | T
DAQ ' 4
.‘ L» | ALy Jt'

ﬂ Q P
to server

LLRF 2013 — Oct. 1-4, Lake Tahoe, USA (28 weLmnoLrz
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cav2 —<{ADC] 7' |

Q) |¥Q
l

K QX
v
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-
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I - Update on the LLRF system for the European XFEL

European

XFELIMTCA.4 core LLRF modules

uTC v.13

/8'T'A  @102-YIN,
m 8 1)
0 ()

MTCA.4 LLRF controller: uTC
= Current version 1.3 (Virtex V)
= Version 2.0 (Kintex VII)

= 0.5 Tbhps processing power
= 8x SPF+ on front panel
= Application firmware block diagram:

error calculation feedback control feed forward control output control m
X117 7

20-85.8

BBF cavity LFF FF BLC
params || pre-lim. params| |params| [params
\J \ Y Y Y
BBF | |jihiars LFF FF BLC
() Noo
total VS VS FB FB \ \ VS cavity | | DAC output
computation |scaling ON/OFF params | [ scaling | |limiters| | offset limiters
PVS1 > v Y vlv l Y Y
PVS2 — + @ ~——»|MIMO >(+)—>@ »( X V>t _4!/— > to VM
PVS34 —>
LLRF 2013 — Oct. 1-4, Lake Tahoe, USA AN weLmuoLtz
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Update on the LLRF system for the European XFEL

European

MTCA.4 HIGHLIGHTS

MTCA.4 Piezo driver module: uPZT4

XFEL Piezo driver : PZ16M B
-

INTL

HVPM

DC/DC
High voltage

|

AL AL LYY

,
v
f

LP:DACO
ADCO:PZS:CS F
¥
ADCL:IS:08 RTM |
> Management .
LP:DAC1

Courtesy K. Przygoda

LLRF 2013 - Oct. 1-4, Lake Tahoe, USA
Julien Branlard, MSK, DESY
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1 Update on the LLRF system for the European XFEL

European

XFEL|XFEL LLRF: L2 & L3

INJECTOR  LINAC1 LINAC2 LINAC3

Y Y Y cryostring 1 cryostring 2 . cryostring 8

DLY BC1 V-7V BC2 ¥ V V YV ¥-¥ [

11 ; l

e ™o oo oo s™ e o M i— D Dy
gun 3.9GHz  Af Az—h3_Ad A5 A6 A7  A23 A24-AZ5 undul.

28 28 28(° DCM 40 ° @2& °DCM iz 28 28
27 27 27]. 5] o 27|, E 27 27
26 26 26|° REFM =] i ° 261" REFM & i® 26 26
25 25 25 F 25 25
24 24 24|, HE o 2|, HE o |2e 24
23 23 23 L 23|° LOGM i@ °| (23 23
22 22 22 5 (% o 22 = = o |22 22
21 21 21 = 21| IMTCA.4 =] 21 21
20 20 20 -~ @A, 20| b - @l | |20 20
19 19 19 EEEEEEE SN B 19| (TR B 19 19
18 18 18] SBEEE | 18 ‘ ‘ ‘: l 18 18
17 17 17 1914 A 17| e EhEFF S0l 7 17
16 16 16 i Ul I 16 E,‘"‘HH‘HH” ;l‘ | | 16
15 15 15 R DL 5| B | [ 15
14 14 14 T 14 14 14
13 13 13 I 13 I I | 13 13
12 12 12| PZ16M (] 12|° PZ16M ® 12 12
1 11 11 1 1 1
10 10 10]s 10)o 10 10
9 9 9 9 9 9
8 8 8 8 8 8
7 7 7|° PSM Giie ° 71° PSM e’ |7 7
6 6 8 6 6 6
5 5 5|s 5|, 5 5
4 4 4 4 4 4
3 3 3 3 3 3
2 2 2 2 2 2
1 1 1 1 1 1
Slave Master
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Update on the LLRF system for the European XFEL

European

XFEL]| XFEL LLRF : L1

INJECTOR

Y V7Y

LINAC1 LINAC2

cryostring 1

LY ™81 Y VY Y BC2Y ¥

cryostring 2

LINAC3

cryostring 8

Y Y V7Y

11
| [ {«&{o000 #% ®a 0000 0000 0000 ™ ¥ 3000 1000

RF

00

UN0ROO0ORDOOD

gun 3.9GHz A1 g A2 A3 A4 A5 A6

A7 A23 A24 A25 undul.

28 28[FDCM Tz °| [28[-pDcm ) I 28[FDCM Gis o] [26[FDCm i °| |28
27 27 | i) 27 =) 27 =] e = o |27
26 26|° REFM 5] g ° 26 = 26|° REFM 5] e °| (26 =] ii® °| |26
25 5[ 25 5 25 25
24 24|, EE o |ea 24|, EE 24 24
23 23|° LOGM s °| |23|° 23|° LOGM ET T 23 ET T 23
22 22 E HIE o |22 22|, B EE e Bl e
21 21[[MTCA.4 = 21 21 IMTCA 4 =] 21 [=] 21
20 20 | FE « @ | [20 20| ‘@ | |0 ‘@ | |20
19 19 — 115 19 19 G iEl 19 Bnl 19
18 18 EEEREE | 18 18 l ‘ 18 l 18
17 17 _‘ ;:::: jl °l |7 17| FE' :D E ‘ °l 7 |” 1 I °l 7
16 16 EOEEH Il e 16| 1Bl B 1L sl L (e
15 15 =2 | e 15[ == v IE | s
1 i o e " i o M O T
13 13 11 1 13 JEC [N B N N S 13 T T 1 13
12 12|° PZ16M E{ 1] 12 12|° PZ16M 0w 7| |12f° #® 7| |12
1" i 11 1" 1" 1
10 10| 10|= 10]- 10| 10
9 9 9 9 9 9
8 8 8 8 8 8
7 7|° PSM L |" PSM EETL 7" PsM L 71" PSM Ll 7
6 6 6 6 6 6
5 5. 5(a 5|. 5o 5
4 4 4 4 4 4
3 3 3 3 3 3
2 2 2 2 2 2
1 1 1 1 1 1

Slave (SPARE) Slave (MAIN) Master (MAIN) Master (SPARE)
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1 Update on the LLRF system for the European XFEL

European

XFEL]| XFEL LLRF : INJECTOR

INJECTOR  LINAC1 LINAC2 LINAC3
—

cryostring 1 cryostring 2 ... cryostring 8
B BRoLy 6o V Y YB2Y Y YOV VY
’ 11 1
RE——] 0000} ™ ®a 0000 {o000Ho000-™ ® 000 ooooHooo0-— oo oon) iooon
gun 3.9GHz A1 A2 A3 A4 AS A6 A7 A23 A24 A25 undul.

Y A A Y A Y
- 11 and A3H (spyaﬂre) 1611 and A3H (ma.[") . GUN (main & spe_,re)
15 °DCM A ° 15 °DCM dg ° 15 °DCM H0® °
K L 5 - - = ke 2 = ift Calibrati dul
14 14 ——— "
oFREM B wee| [afREPM B we | | T DCM: Drift Calibration Module
- S — ey, | 2 .. T

o J |} o = 11T REFM: Reference synchronization and distribution Module
o LOGM_ | |, nE o 11111 . : e

ole B EE o] |, . LOGM: Local Oscillator Generation and distribution Module
a| IMTCA.4 B 8 8

oD - MTCA.4
7 7 v o 000000000 000000]° )
6 nEE 6 6 ﬁ[m:
i “PZ16M iy ° . D "

5 LI LI EFE 5 5 PZ16M: Piezo controller Module (16 cavities)

afef L eE L 3 32 = .

o [t ; "[FPsm e - PSM: Power Supply Module

UE | 1 1

0 Ll 0 o= -
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1 Update on the LLRF system for the European XFEL

European

XFELILLRF Installations

b

A5 A
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1 Update on the LLRF system for the European XFEL

European

XFELILLRF Installations

MODUL 1* .. — '
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European

Update on the LLRF system for the European XFEL

XFELJLLRF: MASTER OSCILLATOR & REFERENCE

Master oscillator
= room layout in XTIN done
= acclimatized racks ordered 0

Reference

line distribution

= 0n-going prototypes performance tests
= final design done

> 1 xDalsy Chain

= 4
< 400 x Star
~h

Timing Fibers
star, 100 links

Temperature
Stabilized

Calles 1300 MHz

LEGEND
Ethernat
400 x star Master Osaillator —» CoaxCable, 1300 MHz

Master Laser Oscillalar —» Coax Cable [Interferometer), 1300 MHz

[A8HT] sr Harmonic Receiver ——>  Coax Cable, 10 MHz

- Machine Protection System —>» Coax Cable, frequency thd

Reference Madule I:: » Coax Cables, internal distribution
Cavity-BPM’s
- 117 berween undulators
=12 een la
undulaior

- 2 for intra bunch feedback

108 ... MHz; thd

MOl = =

Coax Sections ¥

Main Coax Drive Li “Biv §
ain Coax Drive Line :rDIV >

7 7 7 - T
UDA
I l ~131x

v

— 1 P T erworT et Master oscillator temperature controlled rack
rermop | |Rerhcet |nmmn| |nsm<m| In?mr | |nam—w | | REFM-TP | |nam—w | IREFM—‘P | |EFuTP ” REFM-TP | e
IﬁFl I!r' | [reme]  [rowme] & Jomm| [ ] & T [ [omer] ™ oo ] o] o
-~ ~ -~
LLRF & BPM
E] JL ——| L3 (Main LINAC) ] Jexp
1 Mod. 1 Mod. 1 RF3 3RFS 21 RFS (+3)
Injector Complex Area UNDULATORS
Om  20m d0m  40m  92m 146m 306m 467m 611m 805m 1198m 1493m 1682m 2100m 3333m
XTIN L1-XTL L2-XTL L3-XTL
Reference line distribution scheme
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